Two new 5,12-disubstituted 2,3-diethylnaphtho[2,3-g]quinoxaline-6,11-dione compounds were readily synthesized from the commercial dye quinizarin. For 2,3-diethyl-5,12-dihydroxynaphtho[2,3-g]quinoxaline-6,11-dione, (II), C 20 H 16 N 2 O 4 , the molecule displays a near planar conformation and both hydroxy groups participate in intramolecular O-HÁ Á ÁO(carbonyl) hydrogen bonds. In the crystal, -ring interactions [minimum ring centroid separation = 3.5493 (9) Å ] form stacks of co-planar molecules down the c axis, while only minor intermolecular C-HÁ Á ÁO interactions are present. In contrast, in 2,3-diethyl-5,12-bis(piperidin-1-yl)naphtho[2,3-g]quinoxaline-6,11-dione, (IV), C 30 H 34 N 4 O 2 , which contains two independent, but similar, molecules in the asymmetric unit, the polycyclic cores have a significant twist, with dihedral angles of 29.79 (6) and 29.31 (7) between the terminal rings and only minor intermolecular C-HÁ Á ÁO hydrogen-bonding interactions are present. Electron density associated with additional solvent molecules disordered about a fourfold axis was accounted for using the SQUEEZE procedure in PLATON [Spek (2015). Acta Cryst. C71, 9-18].
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Chemical context
As part of a program aimed at the identification of new heterocyclic compounds for organic electronic applications, we sought new or uncommon ring systems that could be synthesized conveniently from cheap, readily available starting materials. In this context, we noted that 2,3-diamino-1,4-dihydroxyanthracene-9,10-dione (I) had been prepared from the inexpensive dye quinizarin (1,4-dihydroxyanthra-ISSN 2056-9890 Figure 1
Reaction scheme for the synthesis of compound (IV) via intermediate compound (II). quinone) (Shchekotikhin et al., 2005) . The diamine (I) appeared to us to be a convenient synthetic building block for fusion of diaza-heterocycles onto the anthraquinone core. Our reaction of the diamine (I) with hexane-3,4-dione in dioxane afforded the 2,3-diethyl-5,12-dihydroxynaphtho[2,3-g]-quinoxaline-6,11-dione (II). In exploring the chemistry of compound (II), we found that conversion of the hydroxy groups to the corresponding tosylates gave (III) and subsequent reaction with an excess of piperidine afforded 2,3-diethyl-5,12-bis(piperidin-1-yl)naphtho[2,3-g]quinoxaline-6,11-dione (IV). The reaction scheme for the total synthesis is shown in Fig. 1 and the crystal structures of both the intermediate compound (II) and compound (IV) are reported herein.
Structural commentary
The molecular structure of compound (II) is shown in Fig. 2 . The naphthoquinoxaline core is essentially planar [maximum deviation 0.0739 (11) Å for N1], with a dihedral angle of 4.60 (8) between the terminal rings of the molecule. Present in the molecule are two intramolecular O-HÁ Á ÁO hydrogenbonded ring systems formed by the hydroxy and carbonyl substituents ( Table 1 ). The two ethyl groups are approximately coplanar with the polycyclic core [torsion angles: N1-C16-C19-C20, 14.3 (2) and N2-C15-C17-C18, À1.9 (2) ].
The molecular structure of compound (IV) contains two independent, but conformationally very similar molecules (molecule 1 and molecule 2) (Fig. 3) . In contrast to (II), the naphthoquinoxaline core of (IV) is significantly twisted, as shown by the dihedral angles between the mean planes of the two terminal six-membered rings [29.79 (6) and 29.31 (7) ]. There is a corresponding twisting of the two central sixmembered rings, presumably resulting from repulsion between neighbouring piperidin-1-yl and carbonyl moieties. The C-N bonds form angles of between 32.3 and 44.5 relative to the neighbouring C O bonds.
Supramolecular features
In the crystal, molecules of (II) form canted head-to-headassociated molecules with ring centroid separations of 3.5493 (9) Å (Cg1Á Á ÁCg2
iii ) [symmetry code: (iii): Àx, Ày, Àz À 1], and 3.6064 (10) Å for (Cg2Á Á ÁCg3 iv ) [symmetry code (iv): Àx, Ày, Àz + 1] where Cg1, Cg2 and Cg3 are the centroids of the six-membered rings defined by atoms N1/N2/ C1/C14-C16, C1-C3/C12-C14 and C3-C5/C10-C12, respectively. These slight variations in -separations result from the molecules being off-set by one six-membered ring along the long molecular axis and by approximately half a sixmembered ring along the short molecular axis. The result is the formation of stacks along the c axis with an inter-planar separation of ca 3.41 Å (Fig. 4) . The packing viewed down the c axis is shown in Fig. 5 and displays an approximately orthogonal arrangement of the molecular stacks. Present also in the crystal structure are two minor intermolecular C- Table 1 Hydrogen-bond geometry (Å , ) for (II). 
Figure 2
Molecular conformation and atom-numbering scheme for (II), with displacement ellipsoids shown at the 50% probability level. Intramolecular hydrogen bonds shown as dashed lines.
Figure 3
Molecular conformation and atom-numbering scheme for the two independent molecules [(a) molecule 1 and (b) molecule 2] in the asymmetric unit of (IV), with displacement ellipsoids shown at the 50% probability level.
HÁ Á ÁO interactions linking the stacks (aromatic C8-HÁ Á ÁO1 i and methylene C19-HÁ Á ÁO4 ii ; Table 1 ). In contrast, the crystal packing of (IV) (Fig. 6 ) involves no -ring interactions [minimum CgÁ Á ÁCg separation = 3.9440 (9) Å between inversion-related molecules]. There is only one significant intermolecular hydrogen-bonding interaction involving only molecule 2: piperidin-1-yl C56-HÁ Á ÁO3 i = 3.1765 (19) Å [symmetry code (i) Àx, Ày + 1, Àz + 1], giving inversion-related dimers (Table 2 ).
Database survey
A search of the Cambridge Structural Database (V5.38; Groom et al., 2016) Chou et al., 2011) . Each of these examples have planar, or only slightly twisted (ca 12 ) polycyclic cores and adopt off-set -stacked supramolecular structures.
Synthesis and crystallization
Compound (II) was prepared using the procedure of Shchekotikhin et al. (2005) , as follows. To a stirred mixture of diamine (I) (1.35 g, 5 mmol), hexane-3,4-dione (3.0 ml, 2.85g, 25mmol), and 1,4-dioxane (30 ml) was heated at reflux for 3 h. The mixture was cooled and the resulting crystalline solid was research communications Table 2 Hydrogen-bond geometry (Å , ) for (IV). 
Figure 4
A view of an off-set vertical stack of molecules of (II), extending along c.
Figure 5
The packing in the unit cell of (II) as viewed along the c axis, with Cbound H atoms omitted.
Figure 6
The packing in the unit cell of (IV) as viewed along the b axis, with H atoms omitted. 184.11, 161.55, 159.86, 139.09, 134.56, 133.80, 127.28, 109.12, 28.94, 12.84 . Red-orange needles of (II). Crystals suitable for X-ray structure determination were grown from an acetone solution.
(ii) 2,3-Diethyl-6,11-dioxo-6,11-dihydronaphtho[2,3-g]-quinoxaline-5,12-diyl bis(4-methylbenzenesulfonate) (III)
Compound (III) was prepared using the procedure of Zielske (1987) . A mixture of diol (II) (1.04g, 3.0 mmol), p-toluenesulfonylchloride (2.92 g, 15.3 mmol), CH 2 Cl 2 (100 ml), aqueous sodium hydroxide (0.5%, 208 mL, 25.3 mmol), and tetrabutylammonium bromide (4.96 g, 15.3 mmol) was stirred rapidly for 24 h at room temperature. The organic phase was set aside and the aqueous phase was extracted with dichloromethane (50 ml). The combined organic phase was washed with water (3 Â 200 ml), saturated brine (50 ml), and dried over MgSO 4 . After filtration, the solvent was removed by evaporation under reduced pressure. The residual red-brown gum (3.63 g) was purified by chromatography over silica gel. Elution with 0-10% ethyl acetate in dichloromethane and evaporation afforded compound (III) (661 mg, 34%) as a honeycomb-coloured powder (found: 81, 161.20, 145.03, 138.66, 134.43, 134.32, 134.03, 129.59, 128.73, 127.02, 125.78, 28.34, 21.69, 11.15. (iii) 2,3-Diethyl-5,12-bis(piperidin-1-yl)naphtho[2,3-g]-quinoxaline-6,11-dione, (IV)
Compound (IV) was prepared by modifying the procedures of Zielske (1987) and Melliou et al. (2001) . A stirred mixture of the bis-tosylate (III) (550 mg, 0.8 mmol) and piperidine (8 ml) under N 2 (bubbler) was heated at 353 K for 2h. The reaction mixture was cooled and evaporated under reduced pressure. The residue was dissolved in a mixture of ethyl acetate (50 ml) and chloroform (12 mL) and the resulting solution was washed sequentially with water (3 Â 100ml) and brine (30 ml) and then dried (MgSO 4 ) and evaporated under reduced pressure. The residual dark-purple solid (405 mg) was purified by chromatography over silica gel. Elution with 0-20% ethyl acetate in dichloromethane afforded the title compound (328 mg, 81%) as very dark purple-navy coloured blocks (Fig. 7) 147.52, 140.91, 135.47, 132.72, 126.19, 122.37, 54.93, 28.01, 26.97, 24.72, 12.04. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . Hydrogen atoms potentially involved in hydrogen-bonding interactions were located by difference methods and were freely refined. Other H atoms were included in the refinement at calculated positions with C-H = 0.95-0.99 Å and treated as riding with U iso (H) = 1.2U eq (C) or 1.52U eq (O or methyl C). Electron density associated with additional solvent molecules disordered about a fourfold axis was accounted for using the SQUEEZE procedure in PLATON (Spek, 2015) . program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015b); molecular graphics: X-SEED (Barbour, 2001) ; software used to prepare material for publication: publCIF (Westrip, 2010).
2,3-Diethyl-5,12-dihydroxynaphtho[2,3-g]quinoxaline-6,11-dione (II)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Disordered solvent molecules were accounted for using PLATON SQUEEZE (Spek, 2015) . 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

2,3-Diethyl-5,12-bis(piperidin-1-yl)naphtho[2,3-g]quinoxaline-6,11-dione (IV)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (7) 0.0264 (6) 0.0372 (7 Symmetry code: (i) −x, −y+1, −z+1.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
